To quantitatively reconstruct Holocene precipitation for particular geographical 14 areas, suitable proxies and faithful dating controls are required. The fossilized seeds 15 of common millet (Panicum miliaceum) are found throughout the sedimentary strata 16 of northern China, and are suited to the production of quantitative Holocene 17 precipitation reconstructions: their isotopic carbon composition (δ 13 C) gives a 18 measure of the precipitation required during the growing season of summer (here the 19 interval from mid-June to September), and allows these seeds to be dated. We 20 therefore used a regression function, as part of a systematic study of the δ 13 C of 21 common millet, to produce a quantitative reconstruction of Mid Holocene summer 22 precipitation in the Guanzhong Basin (107°40′～107°49′N, 33°39′～34°45′N). Our 23 results showed that mean summer precipitation at 7.7-3.4 ka BP was 353 mm, ～50 24 mm or 17% higher than present levels and the variability becomes increasing, 25 especially after 5.2 ka BP. Maximum mean summer precipitation peaked at 414 mm 26 during the period 6.1-5.5 ka BP, ~109 mm (or 36%) higher than today, indicating that 27 the EASM peaked at this time. This work can provide a new proxy for further 28 research into continuous paleoprecipitation sequences and the variability of summer 29 precipitation, which will promote the further research into the relation between early 30 human activity and environmental change. 31 Loess Plateau; common millet; stable carbon isotope 33 34 Sect.
been widely and continuously preserved throughout the Holocene in northern China. 136 Fossilized millet seeds were generally formed by baking at low temperatures (~250℃) 137 (Yang et al., 2011a) , and deposited in strata over long time periods with limited 138 interaction with the buried environment. The observed δ 13 C values of charred 139 common millet formed at ~250℃ were 0.2‰ lower than those of the source samples, 140 and much less than the natural variation typically found in wood (Yang et al., 2011b) . 141 The δ 13 C signatures conserved in charred common millet are thus reflective of the true 142 environment. 143 The carbon isotope composition of plants (δ 13 Cp) is affected by both 144 physiological characteristics and environmental factors. The δ 13 C of C3 plants 145 responds to environmental factors, such as atmospheric CO2 pressure, O2 partial 146 pressure, temperature, light and precipitation, by dominating the ratio of the 147 intercellular and ambient partial pressure of CO2 (ci/ca) with the opening and closing 148 of leaf stomata (Körner and Diemer, 1987; Körner and Larcher, 1988; Körner et al., 149 1989; Farquhar et al., 1989; Dawson et al., 2002) . However, the δ 13 C of C4 plants 150 depends not only on ci/ca but also on how much CO2 and -3 HCO in bundle sheath cells 151 leaks into the mesophyll cells (called leakiness φ), which is determined by its 152 physiological characteristics (Hubick et al., 1990) . When φ is larger/smaller than 0.37, 153 there is a positive/negative correlation between δ 13 Cp and ci/ca (Ubierna et al., 2011) . 154 Under water stress, the φ of the common millet, belonging to the NADP-ME 155 subgroup of C4 plants, is likely larger than 0.37 (Schulze et al., 1996; Yang and Li, 156 2015). This may account for the significantly positive relation between the δ 13 C of 157 common millet and precipitation . 158 Limited precipitation and soil humidity are the most important environmental 159 factors affecting the growth of plants in arid and semi-arid areas ( Relics Bureau, 1998). All sampling sections are described in Figure 1 . The slice sampling were applied to continuously sampling and the interval was 10 cm 207 for the Baijia and Nansha sections, and 20 cm for the Beiniu, Huiduipo and Manan 208 sections ( Figure 1 ). Forty litre sample bags were filled with sufficient quantities of 209 sedimentary material to screen through a 50-mesh sieve to obtain samples using 210 flotation (Tsuyuzaki, 1994) . Different archeological remains were separated in the 211 laboratory after air-drying. Agricultural seeds were identified and picked out under the 212 stereomicroscope, then marked in order according to sampling depth. The number of 213 remnant common millet samples derived from all five sections are listed in Table 1 .
214
Stable δ 13 C analysis. Stable δ 13 C composition analyses were carried out on all 67 215 serial and bulk common millet samples from the five sections, each composed of three 216 to five grains, without lemma. Each sample portion was placed in a beaker and 217 covered with a 1% hydrochloric acid solution to remove any carbonates. The samples 218 were then washed with deionized water to pH >5 and oven dried at 40°C for 24 h. The 219 dried samples were ground in an agate mortar and homogenized, then vacuum-sealed 220 in a quartz tube with copper oxide and silver foil and combusted for at least 4 h at 221 850°C. The CO2 gas from the combustion tube was extracted and cryogenically 222 purified. The isotopic ratio of the extracted CO2 gas was determined using a MAT-253 223 gas source mass spectrometer with a dual inlet system at the Institute of Earth 224 Environment, Chinese Academy of Sciences.
225
All isotope ratios were expressed using the following δ notation:
Eq.
(1)
227
The isotopic standard used was Vienna Pee Dee Belemnite (VPDB); analytical 228 precision at the 1σ level was reported as 0.2‰. therefore ～1.2‰ less depleted in δ 13 C than modern caryopsis (for the t test, t=21.39).
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The regression function between δ 13 C and precipitation for the common millet Where Pgs denotes the precipitation of millet growth seasons. The function's 286 gradient indicated that the precipitation coefficient was 0.77‰/100 mm, implying 287 that, within physiological adaptation parameters, there would be a ~0.77‰ increase in 288 δ 13 C with a 100 mm increase in precipitation. The δ 13 C values yielded by ancient 289 common millets are higher than those of modern common millet seeds, suggesting 290 that these ancient plants grew in a more humid environment than today's.
291
Common millet remains from archeological sites were divided into a total of 11 292 groups ( the relation between the δ 13 C of common millet and precipitation. The results showed 304 that the precipitation for the growing seasons of ancient millet during the period 7.7-305 3.4 ka BP varied from 240 mm to 477 mm, with a mean of 354 mm (Table 3) . reconstructed from the regression function shows that precipitation of millet growth 311 seasons at 7.7-3.4 ka BP was between 242 and 475 mm, with a mean of 353 mm.
312
Summer paleoprecipitation values show that the climate was much more humid than it 313 is today, which was 305 mm on average during 1951-2011, with mean precipitation 314 ~50 mm, or 17%, higher. A peak mean summer precipitation of 442 mm was reached 315 at ~5.7 ka BP; even the lowest value of 311 mm ~6.5 ka BP was higher than today's 316 mean value. Summer precipitation during the Mid Holocene (7.7-3.4 ka BP) in the 317 Guanzhong Basin exhibited a systemic increase.
318
The reconstructed summer precipitation also fluctuates significantly and 319 becomes more and more variable, especially after 5.2 ka BP. However, there were 320 three markedly humid periods, i.e. 6.1-5.5 ka BP, ~4.2 ka BP, and ~3.6 ka BP (Figure   321 5). The period 6.1-5.5 ka BP had the most abundant summer precipitation, which was 322 414 mm, i.e. 109 mm, or 36%, higher than today. At ~4.1 ka BP, the precipitation was 323 397±11 mm, 92 mm or 30% higher than at present; at ~3.6 ka BP, the precipitation 324 was 414±45 mm, 36% higher than at present.
325
The period 6.1-5.5 ka BP, being the most markedly humid period, probably n means the number of samples for δ 13 C analysis. Corrected δ 13 C means δ 13 C value of millet being 575 corrected the δ 13 C difference of atmospheric CO 2 between modern and Holocene for precipitation 576 reconstruction. P gs means reconstructed precipitation of millet growth seasons. 577 
